Sample preparation is a crucial part of chemical analysis and in most cases can 3 become the bottleneck of the whole analytical process. Its adequacy is a key factor in 4 determining the success of the analysis and, therefore, careful selection and 5 optimization of the parameters controlling sample treatment should be carried out. This 6 work revises the different strategies that have been developed for sample preparation 7 prior to capillary electrophoresis-mass spectrometry (CE-MS). Namely, the present 3. Microfluidic devices. 10 4. Use of stacking techniques in CE-MS. 11 5. Conclusions and future outlook. It is generally assumed that in order to provide an adequate chemical analysis 3 any analytical method must include the following steps: sampling (sample must be 4 representative of the object under investigation), sample preservation (sample should be 5 kept stable until the analysis in completed), sample preparation, sample analysis per se 6 and data treatment. Often, one of the the bottlenecks of this analytical process is sample 7 preparation since it is usally a time-consuming and laborious step. The purpose of any 8 sample preparation is the clean-up of the sample and/or the extraction, enrichment or 9 preconcentration of the analytes, improving in this way the quality of the analytical 10 results obtained. However, it has to be considered that any sample treatment will depend 11 on both the sample nature and the following analytical technique that is going to be 12 employed, requiring an almost case-by-case development. Therefore, no universal 13 sample preparation is available. 14 The choice and optimization of a suitable sample pretreatment is not easy, 15 especially with highly complex sample matrices like biological fluids (plasma, serum, 16 whole blood, urine, etc.) or other natural matrices including e.g., foods, plant extracts or 17 easier e.g., their separation or detection. 1 At the present time, developments in sample pretreatment strategies involve the 2 use of new extraction materials, the use of automated protocols and/or its integration 3 into miniaturized formats such as microchips or micrototal analysis sytems (µ-TAS) that 4 should allow a rapid and sensitive analysis of the target analytes, especially in complex 5 samples [1] . This research area has provided interesting and promising results and it 6 will surely be one of the working areas in the future Analytical Chemistry. 7 Nowadays, the inherent advantages of the use of capillary electrophoresis (CE) 8 as separation technique are well known and can be summarized in high separation 9 efficiency, low analysis time, high resolution power and low consume of samples and 10 reagents. It is at the moment one of the premier analytical separation techniques for the 11 analysis of biological compounds such as peptides, proteins and polynucleotides and 12 has been applied with success to a great variety of analytes [2] [3] [4] [5] [6] . Its different separation 13 modes (CZE, MEKC, ITP, etc.) have allowed facing the problem of the separation of 14 either neutral or charged analytes based on different physico-chemical properties 15 (charge/mass ratio, molecular weight, polarity or isoelectric point). Besides, the 16 different detectors available (UV-Vis, laser induced fluorescence (LIF), mass 6 normally takes place in CE and provides unequivocal structural information via 1 fragmentation patterns that can be obtained for instance via MS n procedures. Therefore, 2 the on-line coupling of CE with MS gives rise to an impressive analytical tool that 3 combines the high resolution power and separation speed of CE with the high sensitivity 4 and selectivity of the mass spectrometer [4, 7, 8] . However, in order to take advantage 5 of the many possibilities derived from using CE-MS, it is of extreme importance a 6 suitable selection of CE separation parameters (buffer composition, pH, 7 preconcentration procedures), ionization technique (usually electrospray, ESI), and ESI 8 and MS working parameters. 9 Thus, when developing a suitable CE-MS procedure several aspects have to be 10 taken into account. Only highly volatile buffers can be used and they are tipically an 11 aqueous or hydroorganic solution containing e.g., acetic acid, formic acid, ammonium 12 hydroxide at low concentrations. The use of non volatile components like cyclodextrins 13 (CDs), inorganic salts (e.g., containing sodium, phosphate, etc) or surfactants (as SDS) 14 are precluded since they are strong inhibitors of ESI efficiency, increase the noise and 15 reduce the sensitivity of the system. Different strategies have been proposed to 16 overcome this limitation including the partiall filling technique [9]. In the time covered by the present review, different and interesting sample 5 treatments prior to CE-MS have been proposed, which are sumarized in Table 1. As will   6 be next discussed, in some occasions a single or simple treatment procedure was not 7 enough to ensure the correct analysis of the sample, requiring the use of several 8 consecutive sample treatments. In other cases, a single extraction or preconcentration 9 procedure was enough to reduce the sample complexity or to improve the LODs 10 achieved by CE-MS. 2.1 Liquid-liquid extraction (LLE). 13 14 This classical sample treatment allows the extraction of both trace analytes or 15 macrocomponents. The selectivity and efficiency of the extraction process in LLE 16 depends mainly on the election of the immiscible solvents, but other factors may also 17 affect the distribution of the solute into both phases like the pH, the addition of a 18 complexation agent, the addition of salts (salting out effect), etc. Although the use of 19 LLE alone provides goods results in terms of extraction efficiency and clean-up of the 20 samples, it is often carried out in combination with other preconcentration procedures as 21 it will clearly be seen in the subsequent examples and sections. was achieved using a coated polyvinyl alcohol (PVA) capillary and a 40 mM 1 ammonium acetate buffer at pH 4.0 with 2.5 mg/ml sulfobutyl ether β-CD as the chiral 2 selector. To avoid the entrance of the CDs in the MS and, as a result, the loss of the MS 3 signal, the partial filling technique was applied. 4 Strickmann et al [13] developed an on-line capillary electrochromatography 5 (CEC)-ESI-MS method for the determination of etodolac and metabolites in urine. 6 CEC, although difficult to perform, is together with CZE the preferred CE mode for on- 7 line coupling with MS, because of the highly volatile buffers frequently used. The drug 8 and metabolites in urine could be analyzed by CEC-ESI-MS after LLE extraction using 9 an equal volume of ethyl-acetate and then evaporated and redissolved into the 10 separation buffer. 11 Wey et al [14] have developed a CE-ESI-MS method for the analysis and 12 confirmation testing of morphine and related opioids in human urine by using a BGE 13 containing 25 mM ammonium acetate at pH 9. High analyte concentrations (2-5 µg/ml) 14 could be monitored in plain and diluted urine samples without further treatment directly 15 by CE-MS. However, for the recognition of lower concentrations LLE at alkaline pH 16 and solid phase extraction (SPE) were used and compared. Concerning the LLE 9 2.2 Solid-phase extraction (SPE). Sample preparation using SPE was firstly introduced in the mid-1970s, replacing 3 LLE due to its simplicity, selectivity and the better LODs that it provides. Since then, 4 SPE has gained a wide acceptance due to the ease of automation, high analyte recovery, 5 extraction reproducibility, ability to increase selectively analyte concentration and 6 commercial availability of many SPE devices and sorbents, including the use of 7 molecular imprinted polymers (MIPs) [15, 16] . 8 Concerning the use of SPE it is probably the most widely used sample 9 pretreatment procedure prior to CE-MS. Recently, Hernández-Borges et al [17] have 10 determined five triazolopyrimidine sulfoanilide herbicides (cloransulam-methyl, 11 diclosulam, florasulam, flumetsulam and metosulam) in soy milk by SPE-CZE-MS 12 using C18 cartridges. For this purpose, CE-UV and CE-MS instruments were used. To 13 increase the sensitivity of the method, normal stacking mode (NSM) was also used for 14 on-line preconcentration of the SPE extract, providing LODs down to 74 µg/L. Mean 15 recovery percentages ranged between 40 and 94% with good separations when working 16 with aqueous solutions and SPE-NSM-CE-UV as shown in Figure 1A . However, the 17 use of SPE combined with NSM-CZE-UV for analysis of the mentioned pesticides in 18 soy milk did not provide suitable results because of the high number of interferences 19 from the sample matrix (see Figure 1B) . In order to overcome this limitation CE-MS 20 was used. Thus, the main ESI-MS parameters (nebulizer pressure, dry gas flow rate, dry 21 gas temperature and sheath-liquid composition) were optimized by means of a central 22 composite design. Optimum separation buffer was composed of 24 mM formic acid and for epinephrine (75%). 19 Vuorensola et al [20] have also analyzed eight catecholamines in aqueous and 20 alcoholic (ethanol, methanol and 1-propanol) non-aqueous solutions by CE-MS but in 21 this case using sheathless nanospray coupling. A comparison was made between 22 different separation electrolytes for the separation of these compounds. Although non- 23 aqueous media (in methanol) was more efficient than water, both methods were applied 24 to the analysis of urine samples extracted with Oasis HLB cartridges using a previously 25 developed protocol [21] . The sensitivity of the non-aqueous nanospray method (0. 21 pesticides in spiked samples were between 0.01 and 0.05 mg/kg. 22 Sentellas et al [25] described the optimization of a clean-up and preconcentration 23 procedure for the determination of fifteen heterocyclic amines in human urine samples. 24 In this work, Oasis MCX and LiChrolut TSC cartridges were studied by using UV 25 detection. Peak intensities obtained after clean up for both sorbents were similar for 1 most of the amines; however, Oasis MCX cartridges were selected because they 2 provided slightly better recoveries for some of the amines. When urine samples were 3 analyzed, interferences preventing the analytes identification were observed with both 4 cartridges, that is why a LLE procedure using dichloromethane was used. The Extraction from solid matrices has to be carried out after an adequate 25 homogenization or trituration of the sample, which can be enhanced (as well as the Recently, Arráez-Román et al [34] have tested different liquid-phase extraction 25 procedures to establish which could provide the highest content of polyphenols and 2.4 Solid-phase microextraction (SPME). 20 21 SPME was firstly developed by Pawliszyn and co-workers in 1989 and became 22 commercially avaible in 1993 [36] . Since its development, SPME has been increasingly 23 used since its setup is small and convenient, it can be used to extract analytes from very 24 small samples, it provides a rapid extraction and transfer to analytical instrument and 25 can be easily combined with other extration and/or analytical procedures improving in a 1 large extent the sensitivity and selectivity of the whole method.
2
The on-line coupling of SPME with CE has been described in several occasions 3 [37, 38] , however, the use of such coupling is still a non-resolved topic because of the 4 very small injection volumes required in CE. As a result, SPME-CE analyses are 5 typically carried out in an off-line mode, by manually desorbing the analytes in an 6 appropriate organic solvent, and later introducing it into the CE system. Rodríguez et al. 7 [39] carried out the analysis of a group of pesticides (ioxynil, o-phenylphenol, 8 haloxyfop, acifluorfen, picloram) in fruit samples by using SPME prior to CE-MS. In 
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Other SPME modifications like stir-bar sorptive extraction (SBSE) [41] or fiber-1 in-tube SPME [42] have not yet been combined with CE-MS. with that the polarity of the compounds that can be obtained. Moreover, PLE works in 10 an automatic way, it requires small amounts of solvents and low extraction times. Apart from the previosly described sample treatment procedures, Table 1 also   25 shows different and interesting alternatives for this purpose. Thus, introduced in the tested. Although electrokinetic injection provided better sensitivity, it was also found to 13 give worse precision and linear range and, therefore, hydrodynamic injection was 14 selected. The method allowed the detection of amines between 0.018 and 0.09 µg/mL.
15
The method was applied to the determination of biogenic amines in red and white wines 16 with mean recovery values around 100%. 17 The use of microwave radiation for sample pretreatment has attracted growing 18 interest in the past few years and has yield a numerous amount of publications [53-56]. 19 Microwave radiation provides a homegeneous and instant heating of the sample 20 yielding into very quick and effective extraction/digestion and thus strongly decreasing 21 sample pretreatment times. Van Lierde et al [57] used microwave-assisted acid 22 digestion of porcine and human skin to extract chromium species from these samples. 23 The mechanism of chromium transport through the skin and the relationship between 24 chromium allergy and chromium species (in vitro permeation experiments) was studied. 25 For this purpose, CE-was used with inductively coupled plasma-mass spectrometry 1 (ICP-MS) using a BGE composed of 50 mM phosphate buffer (pH 2.5). For the 2 digestion of the samples, skin membranes were dried at 30ºC for 24 hours, after that 3 HNO3 and H2O2 were added. Digestion was carried out at different microwave 4 intensities for a total of 25 min. The LODs of the method ranged between 6 and 12 µg 5 of Cr per liter. Clearly, development and/or use of microchip-CE are not objectives of this 10 paper, however, microchip-CE devices deserve a special attention because they can 11 automate sample preparation and, furthermore, they can integrate this step together with 12 the chemical analysis under a single format that may allow a ultrarapid and sensitive 13 analysis of the target analytes [58] . However, at the moment most of the applied 14 aproaches suffer from several limitations regarding their fabrication, manipulation or 15 the LODs that can be achieved. This can explain the very low number of publications 16 found showing the on-line coupling of microchip-CE with MS. 17 A recent application of a microbead-packed polydimethylsiloxane (PDMS) 18 microchip with an integrated electrospray emitter for sample pretreatment prior to 19 sheathless ESI-TOF-MS was presented by Lindberg et al [59] . This system was applied 20 for the desalting and enrichment of six neuropeptides from a physiological solution. 21 Figure 3 shows a schematic picture of the PDMS microchip design used in that work. 22 Electrical contact for the sheathless ESI was achieved by coating the integrated emitter 23 with a conductive graphite powder after applying a thin layer of PDMS as glue. Both an integrated electrospray emitter tip coupled to a TOF-MS. The chip was fabricated in 7 such a way that mixed PDMS was cast over steel wires in a mold. The removed wires 8 defined 50 µm cylindrical channels where fused silica capillaries were inserted. The 9 microchip was fabricated in a two-level cross design. In one of these channels 10 hypercross-linked polystyrene beads acted as SPE sorbent for desalting. In this work, 11 six-peptide mixtures at different concentrations were dissolved in physiological salt 12 solutions and injected, desalted, separated and sprayed into the MS for the analysis. 13 LODs were in the femtomole levels. Table 1 it can be observed that these techniques are not widely applied in CE-15 MS. 16 The use of the electrokinetic injection in the mode called field-enhancement 17 sample injection (FESI) also called field-amplified sample injection (FASI) or field- Analytical Chemistry. This is the case for the search of new extraction materials 13 including the development of molecular imprinted polymers (MIPs) to adsorb specific 14 analytes mimicking for instance immunorecognition. These new extraction materials 15 can play a definitive role in the development of completely automated analytical 16 processes able to provide information on analyte composition and concentration without 17 the intervention of the operator. In this regard, the integration of sample preparation 18 devices into miniaturized formats (e.g., microchips, µ-TAS) seem to be a very atractive 19 way to achieve this goal while increasing even more the throughput and analysis speed 20 of these methods. These future procedures combined with on-line stacking techniques 21 and CE-MS can give rise to an ever more impressive and powerful analytical system. 
